In this paper a reduced size microstrip log periodic dipole antenna with top loading of elements is presented. In many situations, the lateral size of the LPDA antenna has to be reduced to fit the antenna into the installation space. In this work, top loaded element structure is adopted to reduce the size of the dipole elements. Each straight dipole element of the LPDA antenna is turned into a T-shaped element whose total length is equal to that of the original straight dipole element length, resulting in a dipole length that is half that of the original dipole element, i.e. lateral size of the LPDA has been reduced by more than half. This procedure can be repeated to reduce the dipole element length even further, by placing a double T-shaped element on top of each other, resulting in an overall length that is almost 46% of the original dipole element length. Comparison of the reduced sized LPDA with that of the original LPDA shows that the VSWR (≤ 2.0) results of the reduced size LPDA are lower than those of the straight elements over the 2.3-8 GHz frequency band. For the three LPDA structures results of peak gain shows that on average over the frequency band, 2-8 GHz, gain varies between 5-6 dBi. Simulation and measured results on VSWR, radiation pattern and gain at the various frequencies are provided.
Introduction
As a frequency independent broadband antenna, log periodic dipole antennas (LPDA) has been used widely in many applications. LPDA's can achieve high directivity and low cross-polarization ratio over a very wide frequency range. Based on the application, the shape of the radiating elements could be cylindrical dipole [1] , printed dipole [2, 3] or other kinds of shape [4] . The lateral size of the LPDA is determined by the operating frequencies. When the antenna size is large to be mounted in some space limited application, various techniques to foreshorten the dipole have been considered by many researches and great achievements have been made.
With the development of large scale integrated circuit, antenna is required to be light, small and easy to make. The printed LPDA has been paid close attention in recent years. The initial work on printed LPDA antennas is that reported in [6] and since that work, a few papers have been published on reducing the lateral size of such antennas.
Several works have introduced techniques to reduce the printed antenna size. This include: use of rectangular meander line elements achieving 26% size reduction with low return loss and high F/B over 1.8-4.2 GHz [8] ; use of a small planar log periodic Koch-dipole antenna (LPDKA) with some 12% size reduction [2] ; an improved fractal tree log-periodic dipole antenna resulting in a lateral size reduction of up to 39% operating over 0.4-1.5 GHz with good VSWR but with degraded pattern over the lower frequencies [3] ; and rectangular patch loaded dipole LPDA design, reducing the size of the planar LPDA up to 30% with good VSWR and low cross polarization performance over 2-5 GHz [7] .
In wire antennas at low frequencies, size reduction can be achieved through top loading technique. In [5] theoretical impedance variation of such antenna is given.
In this paper, a simple LPDA antenna is first designed. Then, based on the top-loading technique, each straight dipole element is turned into a T-shaped element whose total length is equal to that of the original straight dipole element length, resulting in a dipole length that is half that of the original dipole element, i.e. lateral size of the LPDA would be reduced by 50%, which is smaller than those reported in the literature. This procedure can be repeated to reduce the dipole element length even further, by placing a double T-shaped element on top of each other, resulting in an overall length that is almost 46% of the original dipole element length. The simple LPDA structures proposed result in low VSWR over the 2.3-8 GHz bandwidth, with good gain performance over most of the band. Simulation results on VSWR, radiation pattern and gain at the various frequencies obtained via software package HFSS and measurements are provided.
Microstrip LPDA antenna with top loading
The basic arrangement of a log-periodic dipole array excited by a two-wire line (antenna feeder) is shown in Fig. 1 (a) along with the geometry-defining parameters. The radiating elements are printed on the two sides of a dielectric board. Along the center line is a pair of strips that are used as the connection line and are fed at the end of the shortest element through a coaxial feed line. At the end of the longest element, the strips are short circuited to provide a current return path. LPDA is composed of N parallel dipoles. Its structural characteristic is such that each dipole's size and position are related to a constant τ called periodicity, which is less than 1 and is the ratio between successive elements:
where, n is the dipole's serial number, n = 1, 2, . . . , N; R n is the distance between the coaxial feed point to the dipole n, L n is the length of the dipole n and D n is the distance between two neighboring dipoles. Sometimes, for design convenience, another parameter, σ, is introduced. σ is called the spacing factor and is defined as:
Throughout this paper to have maximum gain from the antenna τ = 0.82 and σ = 0.15 is used. Table I gives the dimension of a 9 straight element simple LPDA on a substrate of 90 mm × 120 mm. Table I . Dimension of a 9 straight element simple LPDA (in mm) Then, each element of the LPDA antenna is turned into a T-shaped element (a T with equal vertical and horizontal sections) whose total length is equal to that of the original straight dipole element length, shown in Fig. 1 (b) , resulting in a dipole length that is half that of the original dipole element, i.e. lateral size of the LPDA has been reduced by 50%. The substrate used is 45 mm × 125 mm.
This procedure can be repeated to reduce the dipole element length even further by placing a double T-shaped element on top of each other as shown in Fig. 1 (c) . The original length of the dipole element is divided into three equal sections, two of which are used for the loading elements. These two loading elements and the main transmission line are spaced equally from each other. This double T-shaped element results in some 54% size reduction compared to the original dipole element length. The dimension of the substrate is now reduced to 38 mm × 125 mm. All elements in the three structures have the same line thickness, Wn = 2.4 mm while the transmission line has 4 mm thickness. Photo of straight and T-shaped element antennas are shown in Fig. 1 (d) .
Results and discussion
In the first stage, a straight strip LPDA is designed with the above described dimension. Then, this straight LPDA is replaced by a T-shaped element LPDA and double T-shaped element LPDA. Fig. 2 (a) shows the reactance and resistance of the simple LPDA antenna. From this figure it can be seen that, a reduction in size of this basic antenna leads to increase in reactance and therefore mismatch in impedance takes place. To recover the matching, one can place T-shaped strip elements instead of the straight elements, as shown in Fig. 2 (b) . Thus, the T-shaped element provides a small size antenna with good impedance matching over the bandwidth. Fig. 2 (c) shows the VSWR of the printed log periodic dipole antenna with straight, T-shaped and double T-shaped elements. The impedance bandwidth of the straight LPDA for a VSWR ≤ 2.0 is between 2-8 GHz while for the T-shaped and double T-shaped it is between 2.3-8 GHz. The VSWR result shows that the T-shaped and the double T-shaped elements, on average, results in a smaller VSWR over the 2.3-8 GHz. The simulated results are obtained by HFSS software package. VSWR for straight and T-shaped elements are also measured. Comparison between the simulated and measured results shows that the two results are very similar. Fig. 3 (a) and 3 (b) show the simulated and measured (x-y) and (y-z) plane radiation patterns of the straight and the T-shaped printed log periodic dipole antenna and the simulated radiation pattern of the double T-shaped LPDA at centre frequency, 5 GHz. Good radiation patterns for the three types of antennas are noticed. Although not shown, the results of the patterns at the lower and upper end of the bandwidth, i.e. 3 and 8 GHz were also obtained. At the lower frequencies, the Double T-shaped elements show a broader beam while at the upper frequencies although the Double T-shaped elements show a narrower beam it has higher side lobe levels compared to Overall, the T-shaped elements provide, on average, a narrower main beam and lower side lobe levels over the 2-8 GHz band. It needs to be mentioned that further reduction in size, by toping more elements on each other, at such high frequency of operation (and small size elements) will become difficult to fabricate. Also a study of the cross polarization of the three antenna shapes shows that at the lower frequencies the straight elements and at higher frequencies the T-shaped elements give a higher cross polar level compared to the other element shapes. Overall, the cross polar level is ≤ −15 dB in the worst case. Fig. 3 (c) shows the measured peak gain of the LPDA antenna for various frequencies for the Straight and the T-shaped elements. Results show that, on average, the straight elements give a higher gain of 5.8 dBi over the 2-8 GHz bandwidth, while the T-shaped elements give on average 5.6 dBi. Through simulation it can be shown that the double T-shaped elements provide an average gain of 5 dBi over the 2-8 GHz bandwidth.
Conclusion
A wideband reduced size LPDA antenna has been described. By using top loading technique, the straight elements of a LPDA antenna have been replaced by T-shaped and Double T-shaped elements. The T-shaped element results in some 50% and the double T-shaped elements results in 54% size reduction of the LPDA antenna. The three types of antenna configurations described provide a 2-8 GHz impedance bandwidth, on average 5-6 dBi gain (and low cross polarization level). The relative advantage of each structure with respect to the others is given. One can state that the T-shaped element provides, on average, a lower VSWR over 2.3-8 GHz, and higher gain over 2-8 GHz band than the double T-shaped elements.
